and R(0,) determined for 672, 704 and 776 nm proved to hold for various lakes as well as for estuarine and coastal waters (Gons, 1999; Gons et al., 2000) .
The MERIS setting includes bands centred at 665, 705 and 775 nm with full-width half-maximum (FWHM) bandwidths of 10, 10 and 15 nm, respectively. The principal difference with the previous bands is the shorter wavelength near the red Chl a absorption peak. This 665 nm band has not been primarily selected to detect Chl a absorption, but to provide a baseline for fluorescence line height at 681 nm (Gower et al., 1999) . The present work addresses the potential retrieval of Chl a in turbid coastal and inland waters from reflectance at these MERIS bands. Reflectance spectra from shipboard above-water measurements served to emulate MERIS data, assuming perfect correction for atmospheric conditions.
M E T H O D
Previous work demonstrated that the concentration of Chl a can be estimated from the reflectance ratio R for = 704 and 672 nm, i.e. for the NIR reflectance peak in eutrophic water and the red absorption peak of Chl a, respectively, the absorption coefficients of water a w () for these wavelengths, and the backscattering coefficient b b (assumed to be wavelength independent) derived from the reflectance at = 776 nm (Gons, 1999) :
where the values of a w (672) and a w (704) are 0.415 and 0.630 m -1 , respectively (Buiteveld et al., 1994) , a * (672) is a mean Chl a-specific absorption coefficient at = 672 nm and p is an empirical constant close to unity. The retrieval of Chl a was tested on R(0,) deduced from above-water measurements made using a model PR-650 SpectraColorimeter from Photo Research (Chatsworth, CA, USA) over the 380-780 nm range at 4 nm increments with 8 nm FWHM bandwidth (Gons, 1999) . The reflectance values for 664, 704 and 776 nm calculated from the shipboard spectroradiometry were used to emulate R(0,) for the relevant MERIS bands. The MERIS algorithm as referred to below is obtained following replacement in the original equation (1) of R(0,) and a w () for = 672 nm by the values for 664 nm:
where R M is the reflectance ratio for = 704 and 664 nm, and a w (664) = 0.402 m -1 . The MERIS algorithm was calibrated using data collected on the IJssel Lagoon (The Netherlands) in 1993-1996. Validation was performed using data on the IJssel Lagoon in 1997 and 1999, other Dutch inland waters and the Chinese Lake Tai Hu, the Scheldt Estuary (Belgium/The Netherlands) and Hudson/Raritan Estuary (New York/New Jersey), and the North Sea off the Belgian coast (Table I) . Except for the IJssel Lagoon validation data, the reflectance spectra and physical and chemical conditions are presented in Gons (Gons, 1999) and Gons et al. (Gons et al., 2000) . All concentrations of Chl a were determined after extraction in ethanol and correction for phaeopigment by acidification (Nusch, 1980) .
R E S U LT S
The observations that had served the calibration of equation (1) (Gons, 1999) were used here to calibrate equation (2) for MERIS application. The model fit gave p = 1.063 ± 0.005 and a * (664) = 0.0146 ± 0.0002 m 2 (mg of Chl a) -1 ( Figure 1 ; n = 114; r 2 = 0.96). Whereas the value of p remained the same, the coefficient a * (664) was significantly lower than a * (672) = 0.0176 ± 0.0002 in the JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -  original calibration. The departure from the pigment's red absorption maximum near 675 nm explains this lowered a * value. Also, for uncorrected Chl a (Chl a-u = Chl a + phaeopigment/1.7), the exponent p = 1.056 remained the same, whilst a * (664) = 0.0127 ± 0.0001 was significantly lower than a * (672) = 0.0152 ± 0.0002 m 2 (mg of Chl a-u) -1 in the original calibration. The sensitivity of results to the different sensor bandwidth and slight shifts in wavelength of the other two bands was tested by simulating a lower resolution. The fit was found to be equally good when applying the averaged values of R(0,) and a w () for the PR-650 bands centred at 664 and 668 nm, 704 and 708 nm, and 772 and 776 nm. For both Chl a and Chl a-u, the value of p did not change. The values of a * were 0.0162 and 0.0140 m 2 (mg of Chl a) -1 , respectively, and therefore between those for the 664 and 672 nm bands.

The potential of the MERIS instrument for Chl a detection in mesotrophic and eutrophic Case 2 waters for p = 1.06 and a * (664) = 0.0146 m 2 (mg of Chl a) -1 was tested for later observations on the IJssel Lagoon, other freshwater bodies, and estuarine and coastal waters (see Method). The data were collected in widely different weather, and except for cases of floating layers of cyanobacteria and visible benthic vegetation, no observations were excluded for this work. The plots for validation and calibration of the MERIS algorithm compared very well (Figure 1 ). Neither this plot nor the standard of the estimate (SE) ( Table I ) for these groups of water bodies indicated a need for the development of regional algorithms.
D I S C U S S I O N
By the use of the 664 nm instead of the 672 nm waveband, the MERIS algorithm might be less accurate than the original because the shorter wavelength is off the red absorption peak of Chl a. The error implicit in equations (1) and (2) by assumed negligible absorption other than by Chl a and water is enlarged, because of increased relative importance of detritus particles and DOM at the shorter wavelength. Analyses of inland waters showed that detritus may absorb red light as strongly as water (Rijkeboer et al., 1998) . High concentrations of phaeopigment and humic substances could significantly increase the ratio R. The effect of such an increase on the prediction of Chl a [equations (1) and (2)] depends on both the pigment concentration and the backscattering. Sensitivity analysis showed that non-phytoplankton absorption may explain the tendency to overestimate Chl a for low concentrations (Figure 1) , which did not show clearly in the previous work (Gons, 1999; Gons et al., 2000) .
H. J. GONS ET AL. A CHL-RETRIEVAL ALGORITHM FOR SATELLITE
Regarding the widely different phytoplankton encountered in the various water bodies, significant spread may have been due to variability in the value of a * (Bricaud et al., 1995) . Other sources of data scatter were incomplete mixing, rapidly changing cloud, and water surface roughness, including prominent Langmuir streaks. Nevertheless, the validation provided satisfactory SE for the total data (n = 91) as well as for the separate groups of water bodies (Table I) . Over the whole Chl a range, the calibration for MERIS gave somewhat lower SE than for the original algorithm.
True validation of this MERIS application can, of course, not be achieved until sufficient ground truth for the sensor in orbit. Theory indicates that the data can be accurately corrected for aerosols and water vapour. With three channels in the NIR range available for atmospheric correction, the sensor is optimized for observation of turbid waters (Moore et al., 1999; Ruddick et al., 2000) . Different viewing of the PR-650 and MERIS instruments may cause significant discrepancies in the observation of water-leaving radiance, and thereby in the Chl a prediction. The view direction of MERIS can deviate markedly from the 90º azimuth and 42º nadir angles adopted for PR-650 operation. The use here of a reflectance ratio will minimize bidirectional effects, which are unlikely to vary much over the spectral range considered and will thus approximately cancel in the ratio.
More important than the view direction might be the fact that the diameter of MERIS pixels will be three orders of magnitude greater than for the PR-650 instrument. Contrary to stochastic variation in shipboard measurements, a satellite sensor may collect a stable signal, because the effects of waves and foam are averaged out over the area in view. Although stable, this signal may also be distorted by several factors. Provided viewing geometry is optimal and wind speeds are <5 m s -1 , the influence of sun glint will be small, and water-surface reflected sky light can be adequately subtracted from the water-leaving radiance (Mobley, 1999) . Strong winds complicate this correction, especially for shallow waters exhibiting extensive foam from Langmuir streaks. The Chl a retrieval may still be only slightly affected, because these perturbations change reflectance magnitude rather than spectral shape (Gons, 1999; Gons et al., 2000) .
The algorithm described here appears to offer a simple and robust alternative to the neural network approach, which will be used to provide the standard MERIS Chl a products in Case 2 waters (Schiller and Doerffer, 1999) . The present study has demonstrated that this algorithm can be used to retrieve moderate to high concentrations of Chl a in very different water bodies without region-specific calibration. The MERIS sensor may indeed be used to survey distributions of phytoplankton in many Case 2 waters, and accelerate the understanding of physical and human impacts on ecosystem functioning on regional scales.
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